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CHAPTER 1 
 
 
 
 
INTRODUCTION 
 
 
 
 
1.1 An Overview of Process Tomography 
 
 
Tomography can be defined as making cross-sectional images of an object, as 
the Greek word ‘tomos’ means ‘to slice’ and ‘graph’ means ‘image’ (William and 
Beck, 1995).  A cross-sectional image of the object monitored is called a tomogram, 
while the equipment that generates the image is a tomography.  Process tomography 
is analogous to the application of medical tomographic scanners that examine the 
human body, but is applied at industries to examine the industrial process such as 
pipelines, stirred reactors, fluidized beds, mixers and separators. 
 
 
The tomographic imaging is first used in medical field, which is then applied 
in the industrial processes.  A number of applications of tomographic imaging of 
process equipment were described in the 1970s but generally these involved using 
ionizing radiation from X-ray or isotope sources (Plaskowski et al., 1995).  However, 
these were not satisfactory because of the high cost and safety constraints.  These 
radiation-based methods also used long exposure times which meant that dynamic 
measurement of the real-time behavior of flow inside pipelines and process systems 
were not feasible.  The equipment of the tomography for the industrial application 
must also be relatively low cost and able to make measurements rapidly. 
 
 
In the mid-1980s, there were works started that led to the present generation 
of process tomography systems.  A project on electrical capacitance tomography 
(ECT) for imaging multi-components flow from oil wells and pneumatic conveyors 
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was carried out at the University of Manchester Institute of Science and Technology 
(UMIST) in England (William and Beck, 1995).  About the same time, a group at the 
Morgantown Energy Technology Center in the USA was designing a capacitance 
tomography system for measuring the void distribution in gas fluidized beds 
(William and Beck, 1995).  Hoyle and Xu (1995) had carried out a research about the 
design and application of ultrasonic sensor in tomography.  Since then, there were 
many researches about tomography for the industrial and medical applications 
carried out in the United Kingdom (UK) and United States of America (USA). 
 
 
Until today, there are many researches about tomography carried out at 
universities worldwide such as University of Leeds (UK), University of Aberdeen 
(UK), University of Pittsburgh (US), University of Melbourne (Australia), Universiti 
Teknologi Malaysia and Universiti Sains Malaysia.  Besides this, there are 
companies that develop and sell commercial tomographic products.  Process 
Tomography Limited (PTL) is one of the companies that have been supplying 
electrical capacitance tomography (ECT) imaging system since 1994.  Its partner 
company, Tomoflow Ltd was established in 2001 to develop commercial 
tomographic multiphase flow meters.  There are also many international 
symposiums, seminars and world congress on tomography held every year that 
attract the participation of many researchers. 
 
 
 
 
1.2 Background Problems 
 
 
In the 1990s, industry is under pressure to utilize resources more efficiently, 
and to satisfy demand and legislation for product quality and reduced environmental 
emissions (Plaskowski et al., 1995).  Since then, there is a need for a monitoring 
instrument that could monitor the industrial processes and provide information to 
improve yields, quality, efficiency and overall control of the processes.  Often, this 
must be done non-invasively by tomographic instruments because the conventional 
measuring instrument maybe unsuitable to be exposed to the harsh internal condition 
of the pipe or by their presence, the flow inside the pipes is interrupted. 
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In ultrasonic tomography, several researches have been done on gas and 
liquid two phase flow regime.  Xu et al. (1997) had implemented a gas and liquid 
two phase flow regime system by using ultrasonic tomography.  The system was 
based on a binary logic algorithm and a method of time-of-propagation along straight 
path.  Yang et al. (1999) had presented a paper on real-time ultrasonic tomography 
for two phase flow imaging using a reduced number of transducers.  The system 
employed a relatively small number of transducers that produced fan-shaped beam 
profile to effectively visualize the cross-sectional of the pipe.  A better reconstruction 
quality was achieved by combining the transmission and reflection mode of 
ultrasound.  An investigation on cross-sectional distributions of gas and solid 
holdups in slurry bubble column using ultrasonic tomography was carried out by 
Warsito et al. (1999).  The results showed the time-averaged cross-sectional 
distribution of gas and solid holdups in slurry bubble column. 
 
 
At Universiti Teknologi Malaysia, Khor (2002) had done project on 
comparison between air and liquid using ultrasonic sensor in process tomography.  
Mohd Hafiz (2003) had implemented water and particles flow system using 
transmission mode of ultrasonic tomography.  The attenuation of the ultrasound was 
taken as the measurements to reconstruct the cross-sectional image.  No ultrasonic 
tomography system for the imaging of two liquids such as water and oil has been 
studied so far. 
 
 
In optical tomography, Sallehuddin (2000) has used optical fibers for 
measurement of gas bubbles in a vertical water column.  Sallehuddin (2000) showed 
that optical fibers are capable of making concentration measurements of small 
bubbles of diameter 1 to 10 mm in water with volumetric flow rates up to 1 l/min, 
and large bubbles of diameter 15 to 20 mm in water with volumetric flow rates up to 
3 l/min on a hydraulic conveyor.  However, if optical tomography is to be applied, 
the material of the pipe should be transparent or holes should be made around the 
pipe to accommodate the optical sensors so that the optical beam could penetrate 
through the flow.  At Universiti Teknologi Malaysia (UTM), the invasive optical 
tomography system developed by Chan (2002) and Pang (2004) are intended for 
imaging solid particles in the air. 
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1.3 Problem Statements 
 
 
The oil industries today such as cooking oil and palm oil industries face the 
problem to monitor the efficiency of their oil production.  A monitoring system 
which can be applied non-invasively is much needed to monitor their oil production.  
Besides, the monitoring system should be able to provide the information about the 
composition of the oil.  The composition of water that is mixed in the oil should be 
computed to find the efficiency of the oil production.  In this situation, tomography is 
the technology that can be applied to solve the problem. 
 
 
The major target of this project is to implement a monitoring system for water 
and oil flow using ultrasonic tomography.  The system must able to provide 
information about the composition profile of the water and oil as well as the cross-
sectional image of the flow.  Studies need to be carried out, which included the 
hardware’s fixture design, mounting technique, transmitter circuit design, receiver 
circuit design, hardware interfacing, image reconstruction algorithm and software 
programming. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 5
1.4 Importance of Study 
 
 
The ultrasonic tomography is one of the non-invasive techniques that can be 
used in the industry for monitoring the flow composition of two liquids flow such as 
water and oil.  The non-invasive method provides the ultrasonic tomography with 
easy installation and portable convenience.  The ultrasonic sensors are very easy to 
be mounted around the pipeline compared with other sensors.  The installation of the 
ultrasonic tomography system also does not require the shut down of the industry’s 
process.  Moreover, this monitoring system does not disturb the internal flow of the 
pipe.  All this benefits support the ultrasonic tomography to be chosen over the other 
invasive system.  It is obvious that the ultrasonic tomography of this research has the 
potential to contribute to the cooking oil, palm oil and petroleum industries.  In this 
case, the ultrasonic tomography can be applied to determine the composition of the 
water and oil for the palm oil and the petroleum. 
 
 
There are several inventions using the ultrasonic techniques for determining 
the fluid composition that have already obtained the United States Patent such as 
U.S. Patent 5,473,934 by Cobb (1995), U.S. Patent 4,059,987 by Dowling et al. 
(1977) and U.S. Patent 4,656,869 by Zacharias (1987).  However, those inventions 
required fluid samples taken from the pipelines or predetermined reference data 
saved in computer.  Some of the inventions also used invasive techniques.  Most 
obviously, those inventions did not display the cross-sectional image showing the 
composition of the fluid because they were not tomography systems.  One of the 
inventions for monitoring the fluid composition is by Cobb (1995) using ultrasonic 
non-intrusive technique.  Cobb (1995)’s invention involved measurements from the 
fluid, by which the fluid composition was then determined based on the calibrated 
data from analytical measurements of fluid samples.  Another invention by Urmson 
et al. (1991) was an apparatus for determining the composition of fluid mixture by 
comparing acoustic travel-time of both changing and reference fluid samples.  
Invention by Tavlarides et al. (1989) was for measuring fractional volumetric holdup 
in a two liquids phase based on the acoustic velocities.  Zacharias (1987) in his 
invention described a method of measuring the amount of water in crude oil pipeline 
by extracting a sample from the pipeline.  Inventions by Smith (1985) and Dowling 
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et al. (1977) were also used for determining the fluid composition that based on 
measurements of acoustic velocity.  In short, those inventions used the same 
ultrasonic sensors as the ultrasonic tomography system, but the ultrasonic 
tomography system can display cross-sectional images of the pipeline in real time, 
determine the fluid composition based on concentration profile, required no samples 
taken from the fluids and non-invasive. 
 
 
 
 
1.5 Research Objectives 
 
 
The primary objective of this project is to determine the concentration of 
water and oil flow using ultrasonic tomography.  The system must also provide the 
information about the concentration and display the cross-sectional image of the pipe 
in real time.  The research objectives cover the development of sensor’s fixture, 
excitation circuits, and signal conditioning circuits, hardware interfacing and 
development of software using Microsoft Visual Basic 6.0.  The summary of the 
objectives of this project are listed as follows: 
 
 
(i) To determine the composition of water and oil flow by implementing 
the transmission mode of ultrasonic tomography. 
(ii) To study the characteristic of ultrasound and make use of it in 
monitoring the process of water and oil flow. 
(iii) To search material for ultrasonic sensors and its hardware fabrication. 
(iv) To design and implement signal conditioning circuits that can 
measure the time of flight (TOF) of ultrasonic wave and process the 
signals. 
(v) To use the microcontroller as the switching device to control the 
signal generator, signal conditioning circuits and the data acquisition 
system (DAS) card. 
(vi) To implement the principle of flow imaging by creating a custom 
software using Microsoft Visual Basic 6.0 that can provide 
information about the concentration of the water and oil flow. 
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1.6 Research Scopes 
 
 
This project can be divided into a few parts such as sensor’s fixture design, 
transmitter and receiver circuits design, hardware interfacing, switching control using 
microcontroller and software development.  Figure 1.1 depicts the scope of this 
project. 
 
 
 
Ultrasonic 
Transducer Personal Computer 
Figure 1.1: Scope of the Project 
 
 
(i) Sensor’s fixture design 
The design of the sensor’s fixture involves mechanical parts design 
with consideration to the sensor’s physical parameter, sensor’s 
placement geometry, mounting technique and the cost.  Studies need 
to be done on mechanical drawing, mounting technique, type of 
sensor, material of pipe and cost of the fixture. 
 
 
(ii) Transmitter and receiver circuits design 
The transmitter circuit consists of excitation circuits that provide 
pulses to the ultrasonic sensors to transmit ultrasonic waves while the 
receiver circuit is to receive and measure the propagation time of the 
ultrasonic waves.  The circuit implementation involves selection of 
electronic components, design and fabrication of circuits into printed 
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circuit board (PCB), noise reduction and consideration of signals 
interfacing with the data acquisition system.  The design of the signal 
conditioning circuit involves an amplifier circuit to amplify the 
received signal, a zero-crossing detector to detect the first arriving 
signal, a signal holding circuit to hold the first signal from the zero-
crossing detector and a binary counter to measure the propagation 
time.  Figure 1.2 below shows the layout design of the signal 
conditioning circuits. 
 
 
 
Figure 1.2: Layout of Signal Conditioning Circuit 
 
 
(iii) Switching control using microcontroller 
The microcontroller is used for timing control purpose to control the 
excitation circuits, signal holding circuits and data sampling of the 
data acquisition system (DAS) card.  Handshaking is established 
between the hardware system and the computer by the 
microcontroller.  Programming of the microcontroller involves 
accurate timing calculation so as to provide the control signals at the 
right time. 
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(iv) Hardware interfacing 
The hardware interfacing is implemented by using a data acquisition 
system (DAS) card.  Before doing the interfacing, the input range of 
the signals, method to trigger the DAS, method of sampling 
measurements, setup and configuration of the DAS in the computer 
need to be taken into consideration.  128 signals from the 16 binary 
counters should be sampled into the computer at one time.  Checking 
must be done to make sure that the sampled measurements by using 
the DAS are correct. 
 
 
(v) Software development 
Software development includes the graphical user interface (GUI) 
design using Microsoft Visual Basic 6.0, implementation of image 
reconstruction algorithm, tomogram drawing, DAS configuration and 
operation, sensor modeling, sensitivity maps finding, solution of 
forward problem and data transferring.  When writing the software, 
consideration is given to make sure that better performance and faster 
speed are achieved.  The purpose of the software development is of 
course is to obtain the concentration profile and cross-sectional image 
of the water and oil flow.  Visual Basic 6.0 is chosen because it is 
easier to learn Visual Basic 6.0 than other programming languages 
such as Visual C++ 6.0.  A lot of resources about Visual Basic 6.0 can 
also be found from the internet. 
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1.7 Thesis Structures 
 
Chapter I of the thesis presents an overview of process tomography, 
background problems that lead to the implementation of this research and problem 
statements that this research is going to solve.  The importance of this study, research 
objectives and scope of the research is also included. 
 
 
Chapter II provides more introductions to process tomography system, type 
of tomography sensors and several measurement methods of component 
concentrations. 
 
 
Chapter III introduces more on ultrasound, several wave propagation methods 
of ultrasound and sensing modes of ultrasonic tomography. 
 
 
Chapter IV describes the sensor modeling, sensitivity maps computation, 
computer interfacing using DAS card and hardware design of the ultrasonic 
tomography system.  The purpose of the sensor modeling is to solve the forward 
problem and to compute the sensitivity maps.  The design of the transmitter and 
receiver circuits will be described in details in this chapter. 
 
 
Chapter V describes the implementation of the image reconstruction 
algorithm, composition determination based on concentration profile, operation of 
the DAS card, software development, programming structure and techniques as well 
as flow simulation program for several flow models. 
 
 
Chapter VI includes all the results obtained from the experiments and the 
results’ analysis.  The error of the measurements and performance of the flow 
monitoring system will be found out.  Comparison between the results obtained from 
experiments and results obtained from the flow model is also shown in this chapter. 
 
 
Chapter VII is written to discuss the conclusion and important contributions 
from this research and suggestion for the future work. 
